Transformative adaptation will be increasingly important to effectively address the impacts of 38 climate change and other global drivers on social-ecological systems. Enabling transformative 39 adaptation requires new ways to evaluate and adaptively manage trade-offs between 40 maintaining desirable aspects of current social-ecological systems and adapting to major 41 biophysical changes to those systems. We outline such an approach, based on three elements 42 developed by the Transformative Adaptation Research Alliance (TARA): (1) the benefits of 43 adaptation services; that sub-set of ecosystem services that help people adapt to 44 environmental change; (2) The values-rules-knowledge perspective (vrk) for identifying those 45 aspects of societal decision-making contexts that enable or constrain adaptation and (3) the 46 adaptation pathways approach for implementing adaptation, that builds on and integrates 47 adaptation services and the vrk perspective. Together, these elements provide a future-48 oriented approach to evaluation and use of ecosystem services, a dynamic, grounded 49 understanding of governance and decision-making and a logical, sequential approach that 50 connects decisions over time. The TARA approach represents a means for achieving changes in 51 institutions and governance needed to support transformative adaptation. 52
Introduction 53
The IPCC Fifth Synthesis Report stated it is very likely that surface temperature and sea 54 levels will continue to rise and extreme weather events become more frequent (IPCC, 2014) . 55
By 2050 the global population is projected to increase from 7.2 to 9.6 billion, with mounting 56 pressures on terrestrial, marine and freshwater resources. Global networks of commerce, 57 technology and information have produced unstable systems that are vulnerable to 58 uncontrollable failure, posing considerable threats to society (Helbing, 2013; Streek et al., 59
2016). Climate change combines with other drivers to synergise rates and extent of change to 60 social-ecological systems. Dealing with synergistic effects of other global change drivers and 61 climate change requires transformative approaches to adaptation. 62
Adaptation to global change presents a profound challenge because it requires the tackling 63 of short-and long-term threats, changes and uncertainty that transcend sectors and scales. 64
Over the past decade, efforts to understand the impacts of climate change on biodiversity 65 have led to new concepts and approaches to support adaptation of biodiversity (Mawdsley, 66 redefines the relationship between people and ecosystem services based on likely future 137 ecosystem states and changes in the supply of services. 138
Three elements to enable transformative adaptation 139
We propose that operationalising the three elements listed above provides a basis for 140 adaptation planning and action that moves beyond incremental approaches targeted at 141 proximate causes of vulnerability to those capable of addressing transformative adaptation 142 and strategically tackling long-term, systemic problems. 143
The values, rules and knowledge perspective (vrk) 144
For anticipatory, transformative adaptation to be realised, a new perspective on decision-145 making is required that reveals the need for transformative adaptation. Decision contexts are values, where nature is regarded as a source of material benefit and wellbeing, and 160 and experiential and meanings-based knowledge (Gorddard et al., 2016) . 166
Where values, rules and knowledge are considered explicitly in adaptation decision-making, 167 they are often treated as independent, disaggregated entities (Fig. 1a) , rather than 168 interdependent components. Treating these components as disconnected obscures how 169 certain forms of values, rules and knowledge and their interactions are excluded from decision 170 making; for example, moral and ethical values relating to distribution of power, consideration 171 of the rules of natural justice, local ecological knowledge and Indigenous knowledge and belief 172
systems. In such situations, adaptation is framed without considering the complex, interactive 173 behaviours of human agents and their social and institutional settings. The result tends to be 174 promotion of short-term technological solutions that do not address dynamic, complex human 175 interactions in circumstances of social-ecological change. In this regard, the diagnostic value of 176 the vrk perspective echoes the outlook of Abson et al. (2016) that "biophysical, social, 177 economic and political facets of sustainability are addressed in isolation from each other…A 178 common feature of such framings is that they often imply that sustainability problems can be 179 resolved without consideration of the structures, values and goals that underpin complex 180 problems at deeper levels." Abson et al. (2016) (Wyborn, 2015) . We suggest that these interactions can catalyse 234 transformative change in other domains. Part of the TARA research agenda is to develop 235 greater understanding of how interacting systems of values, rules and knowledge can both 236 constrain and enable the decision context for transformative adaptation. 237
The adaptation pathways approach 238
Metaphors structure our sense-making of complex issues such as climate change. Meaning 239 is created for concepts through their relationship with the metaphorical frame (Lakoff, 2014) . 240
The adaptation pathways metaphor evokes a narrative journey into an uncertain future ( moderate and adapt to change and provide future options and insurance for adaptation (Fig.  295   1c) . Benefits accrue from (1) novel provisioning and regulating services that become newly-296 available due to ecosystem transformation, such as timber, charcoal and forage from a forest 297 that grew on a dry lake bed in Mali (Djoudi et al., 2013); (2) latent services, i.e. ones that were 298 available but not recognised as services or used as such, but which provide options for 299
adaptation. An historical example is feral goats, a pest species in Australia, but now the basis 300 of a profitable rangeland meat export industry by former wool producers (Jones, 2012); (3) the 301 management of supporting and regulating services to underpin provisioning and cultural 302 services and (4) the adaptive capacity of ecosystems to remain more-or-less in the same state 303 and continue to provide existing services, or transform to a new state and provide new ones. The adaptation services concept is required for transformative adaptation because of the 308 limits of the ecosystem services concept as it relates to global change, particularly where the 309 predominant resource allocation mechanism is market-based, which inevitably favours 310 provisioning services (and some regulating services) that can be commodified, exchanged and 311 priced, over most supporting and regulating services that cannot (Rausdepp-Hearne et al., 312 2010). Such a market economics-based approach generally constrains adaptation because the 313 delayed and uncertain effects of climate change on the future production and supply of 314 ecosystem services cannot be accounted for (Norgaard, 2010) . Instead, adaptation services are 315 focussed on future options, but there is an explicit requirement for a trade-off framework as 316 part of their management to ensure future options are not compromised. 317 adaptation pathways approach enables exploration of the interactive dynamics of ecosystems 320 and social systems in their adaptation journey Fig. 2) . In this framing, the adaptation services 321 concept is a new way to evaluate scientific knowledge on changes to ecosystems and evolving 322 societal perspectives on their use and management as part of vrk. Adaptation services and 323 their underpinning ecological mechanisms provide new options for adaptation as well as 324 enabling supply of some current ecosystem services to be maintained (Lavorel et al., 2015) .
capabilities by co-producing acceptable, legitimate transformative policies. Such policies, and 330 the decision contexts related to them, would extend the adaptation services concept beyond 331 its instrumental value in providing future options, and including intrinsic and relational values. 332
Realising the options of adaptation services will often require changing aspects of the 333 decision context, using the vrk perspective to diagnose barriers and identify the sequencing of 334 interventions, and purposefully attempt to change the prevailing interactions of vrk that 335 constrain response options. Such an approach represents adaptation pathways as possible 336 sequences of strategic interventions aimed at overcoming institutional, cultural or knowledge 337 constraints so that adaptation services can be legitimately considered by future decision 338 makers in conservation or natural-resource management (Fig. 3) . 339
The adaptation pathways approach represents a set of sequenced shifts in the decision 340 context, and hence in systems of vrk in response to the use of adaptation services and changes 341 to social-ecological systems (Fig. 3) . The systems of vrk evolve along these pathways as 342 adaptation decisions are implemented over time. But the links are not only one way because 343 vrk influences which adaptation services might be used, and hence the particular route along 344 the pathway. Adaptation thus involves influencing the evolution of societal responses to 345 biophysical change so that future decision makers can understand the opportunities and 346 constraints and select options in the adaptive space. 
How the TARA approach compares and links with other adaptation frameworks 361
There is an increasing number of adaptation approaches, some with properties in common 362 The focus on implementation, especially of transformative adaptation, has tended to be 373 stronger in adaptation (e.g. EbA and Eco-DRR) than in resilience (Miller et al., 2010) , which 374 emphasises adaptation as the mobilising of adaptive capacity for absorption of stress and 375 maintenance of function in response to environmental and social change (Berkes and Jolly, 376
2001; Pelling, 2011). While resilience addresses social dimensions, it has involved a 377
generalisable, top-down approach that does not address decision contexts (Stone-Jovicic,ecological conditions, but has been criticised because it does not explicitly address power 380 relations or political realities (reviewed by Boonstra, 2016). In contrast, the TARA approach is 381 bottom-up, with a primary focus on interactions of vrk systems and future-oriented reframing 382 of decision contexts. Furthermore, the reframing of decision contexts is a process that 383 deliberatively addresses the redistribution of power and agency. 384
Transformation of societal interests and values are inherent to the implementation of the 385 TARA approach: neither EbA or Eco-DRR contain an explicit process for transforming decision 386 contexts and societal values as part of implementation though they (and also resilience and 387 CBA) contain the implicit objective of achieving such transformations. Applying the TARA 388 approach to a reframing of policy and governance can start to shift from a focus on climate 389 impacts in isolation of people and institutions towards holistic approaches to adaptation. Co-390 learning is embedded at each stage: (1) in the diagnosis of constraints on decision making and 391 the need to change decision contexts, as revealed by the vrk perspective; (2) in the co-392 development of a common systems framing based on environmental change, as enabled by 393 the adaptation services concept; (3) in the co-construction of future scenarios, drawing on the 394 adaptation pathways approach and (4) in planning and implementation of adaptation 395 pathways. CBA and resilience thinking also include co-learning in principle. 396
As these various approaches are modified though cycles of implementation and re-design, 397 they have begun to resolve earlier shortcomings, resulting in a convergence of approaches. 398
While there are areas of overlap between them, the choice of which approach is likely to be 399 useful (or which elements) depends on the adaptation task; the stakeholders involved; the 400 systems to the understanding of the dynamics of environmental and societal change and set 429 priorities for research and policy, including inter-regional linkages and governance, long-term 430 drivers, power relations and a stronger science-society interface. In this paper, we attempt to 431 add an enabling transformative adaptation framework to the "lens of analysis that sharply puts 432 in focus humanity's dependence on nature, our burgeoning influence on it, as well as our 433 ethical obligations towards it" (Fisher et al, 2015) . 434
In the TARA approach, the reframing of decision contexts is a process that deliberatively 435 addresses the redistribution of power and agency. We consider this redistribution as 436 fundamental to overcoming a major barrier to transformative adaptation. A central premise of 437 the TARA approach is that human agents involved in implementing adaptation to global 438 change can achieve more power and agency, not just if the institutions and decision making 439 systems were organized differently, but from the processes of being actively engaged in transformation as a process of change in a social-ecological system without deliberate intervention is 715 described by Types 1 and 2 below. Transformation as a deliberate process is described by Type 3.
716
(1) Transformation of ecosystems: is defined by a permanent shift to an alternative stable state, as 717 in resilience thinking (Walker et al., 2004) . But such 'Type 1 transformation' also involves a change in 718 the way a focal ecosystem is viewed from the relevant decision context. This change requires a 719 reframing of how the ecosystem is considered in relation to its core driver and response variables, its 720 attributes that are valued by society, and how people relate to and act within the system, including 721 options for managing and using the ecosystem that are normalised and permitted. 
